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Nb CAVITY EP SUMMARY AS OF DECEMBER 2005 

Tsuyoshi Tajima* for the Working Groups at TTC and SMTF meetings

Abstract 

This document presents an outcome of the discussions 

at the TTC meeting at Frascati on 5-7 December 2005, 

which was a continuation from the SMTF meeting held at 

FNAL on 5-7 October 2005.  Our goal was to identify the 

cause of the results spread of EPed 9-cell Nb cavities that 

have been tested mostly at DESY.  While the spread might 

not have been caused only by the EP itself, the fact that 

the spread is larger than BCPed cavities may suggest that 

the EP process or EP -related contamination due to such as 

sulfur may be the cause of the problem.  After the 

discussions on EP parameters and current issues, we 

suggest that the following be carried out with R&D efforts 

as highest priority items : 1) further study how important it 

is to control HF content and what is an appropriate range, 

2) establish the best way to eliminate sulfur, a reaction 

product while EP and is insoluble to water, 3) study how 

hydrogen gets into the cavity during EP and find a way to 

eliminate it, and 4) study the effectiveness of mechanical 

polishing before EP such as CBP at KEK on the 

reproducibility of the results and for the reduction of the 

amount of EP.  In addition, we encourage other ongoing 

R&Ds including EP simulation for better understanding of 

EP process and vertical EP studies as supporting elements 

and for future cost reduction.  Working group was led by 

P. Kneisel, K. Saito and D. Reschke at the TTC meeting 

and all the presentations can be found at 

http://www.lnf.infn.it/conference/ilc05/programme.html.  

The SMTF meeting at FNAL was led by T. Tajima and C. 

Boffo and the presented files are shown at http://ilc -

dms.fnal.gov/Workgroups/SMTF/Collaboration 

Meetings/SMTF Collaboration Meeting Oct 5,6,7 2005/. 

ACRONYMS 

ANL Argonne National Laboratory 

BCP Buffered Chemical Polishing 

CARE Coordinated Accelerator Research in 

Europe 

CBP Centrifugal Barrel Polishing 

CEA  Atomic Energy Commission, France. 

DESY Deutsch Electron Synchrotron Laboratory 

EP Electro-Polishing 

GMR Giant Magneto Resistance 2
nd

 order 

gradiometer 

HPR High Pressure (water) Rinsing 

HRC-EP Horizontally Rotated Continuous Electro 

Polishing developed at KEK 

INFN National Institute of Nuclear Physics, Italy 

INFN/LNL INFN Legnaro 

INFN/Mi INFN Milano 

KEK High Energy Accelerator Research 

Organization, Japan. 

QA Quality Assurance 

SMTF Superconducting Module Test Facility 

TTC TESLA Technology Collaboration 

WG Working Group 

INTRODUCTION 

The HRC-EP that was developed by KEK and Nomu ra 

Plating company [1, 2] has been adopted by DESY and 

JLAB.  DESY has carried out 90 EP processes since it 

started in 2004 for a total processing time of 199 hours 

[3].  JLAB has processed a few 700-MHz, 805-MHz and 

1.5-GHz multi-cell cavities with their system and has 

identified some issues to improve their system, although 

due to funding shortage they have not been able to do a 

lot on EP in the recent years. 

The major goal of this WG was to discuss EP 

parameters and the reason why the spread of EPed 9-cell 

cavities is so large, i.e., 20<Eacc(MV/m)<35 as shown in 

Fig. 1 based on mostly DESY data [3]. We discussed 

important parameters, what are the issues that need further 

R&D for clarification and solution. 

There were some presentations on single/large grain 

cavities and seamless cavities, but they were excluded 

from this document to focus on EP. 

BRIEF HISTORY OF EP 

At the TTC meeting, Peter Kneisel gave a 

comprehensive review of the history of EP that has been 

adopted for treating accelerator structures [4].  The 

following shows the brief history from his talk and some 

supplemental information from Ken Shepard of ANL. 

• In 1971, H. Diepers and coworkers of Siemens AG 

developed a new method of electropolishing Nb 

within a government funded collaboration agreement 

with the Ke rnforschungszentrum Karlsruhe (KfK) [5]. 

• The process was subsequently used for the surface 

treatment of cavities (RF separator, helix, R&D) at 

KfK. 

• Beginning in 1971 the (Siemens) process was used at 

ANL for helix structures and in 1975 for split-ring 

structures [6]. 

• In ~1975, it was “exported” to HEPL [7], Cornell 

and KEK. 

• In ~1980, K. Saito and Nomura Plating Company 

modified and developed the HRC-EP method for 508 

MHz 5-cell TRISTAN cavities [1].   

 

 2 

The EP related figures in Refs. [1] and [2] are shown in 

Appendix A.  Appendix B shows chemical reactions that 

can occur during EP. 

 
 

Figure 1: Performance of EPed DESY 9-cell cavities since June 2005 [3].  Red diamonds show the results after 120 °C 

baking and the purple squares show those after fast cool down of the cavities that have Q disease. 

INSTITUTES THAT HAVE EP 

CAPABILITY 

Table 1 shows a list of institutions and their 

experience.  Presently, DESY and KEK/Nomura have 

the full capability of electropolishing 9-cell cavities.  

JLAB has a facility that is large enough to 

accommodate a 9-cell cavity, but they have no 

experience so far.  Appendix C shows the EP facilities 

at DESY, JLAB and KEK/Nomura .  Appendix D 

shows small facilities for shorter cavities or for sample 

tests. 

Table 1: List of institutions that have EP capabilities. 

Institution Facility Experience Ref. 

ANL for low-! 

structures 

Since 1972 [6,8] 

CERN 1-cell Since 1999 [9,10] 

Cornell Vertical EP Since 1999 [11,12] 

DESY HRC-EP Since 2003 [13-17] 

FNAL Small tests Since 2004 [18] 

JLAB HRC-EP Since 2003 [19] 

INFN/LNL R&D on 

GMR and 

Automated EP 

Since 2004 [20] 

KEK HRC-EP Since 1980 [1,2] 

Saclay Small tests & 

mono-cell 

Since 2004 [21,22] 

 

IMPORTANT PARAMETERS 

The parameters in Table 2 have been agreed to be 

important and most of them have been the same as or 

scaled from the data described in K. Saito’s paper [1].   

These ranges were mostly determined by sample 

roughness and brightness measurements. 

Table 2: Important EP Parameters for 1.3 GHz 

elliptical cavities. 

Parameter Range Notes 

Current density 30-100 mA/cm
2
 High end still 

has room for 

exploration 

Voltage 8 – 16 V Depending on 

the current 

density and HF 

content 

Bath (solution) 

temperature 
25 – 35 °C  

HF 

concentration 

60 – 90 cc/L Needs further 

study 

Rotational speed 0<rpm<10 See Figs. A.15 

and A.16 

Acid flow rate 1 – 2 l/min See Fig. A.17 

  

Another important fact is that the viscous layer on 

the anode (Nb) surface needs to be preserved for EP to 

occur, i.e., too much turbulence that breaks this layer 

will lead to an unsuccessful EP. 
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In the mean time, I and Mike Kelly are 
working on engineering specifications of an 
EP facility that could fit in the ANL side of 
the ANL/FNAL surface treatment facility.
These specs reflect the requirements 
stated in the document generated by 
Tsuyoshi, but are more focused in design 
details that have an impact in the 
fabrication of the facility itself.
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A (FNAL-ANL) working group was charged in january by Bob Kephart to 
define a plan for ANL/FNAL EP for ILC for the next four years, which 
meets the following requirements:

1. In early 2010 present to DOE a credible plan for the electropolishing of 5000 or more 1.3 GHz 9-cell 
cavities for the ILC.

2. As a part of (1) and in collaboration with appropriate vendors, establish facilities for processing 100 cavities 
in 2010, and 60-100 cavities in 2009 and 20-25 cavities in 2008 and up to 12 cavities in 2007.

The document has been submitted to Bob on Feb 5 and forwarded to Hasan for approval from SMTF technical 
board
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Highlights on this document:

Specs on EP must be completed as soon as possible

Establish local capabilities to build experties

More than one unit is necessary to reach the requested processing 
volume in 2009

Partnership with industry must be pursued right from the beginning
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Established bi-weekly vid conference to discuss progress (on thursdays)

The system @ J-Lab is being adapted to work w/ 1.3 GHz cavities

Semi-production procedures are being defined

1 Cavity performance baseline before EP

FNAL
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Using a 3.9 GHz setup allows us to:

Minimize the volume of acid to 2 liters

Perform the process in a hood at MDTL

Test the cavity at A0

Reduce the cavity production costs

STATUS:
M. Foley will provide up to 6 cavities as soon as the ordered material will show up

The beam tubes will be rolled in MDTL by D. Burke

C. Cooper is working with the TD ES&H group to setup a new hood in MDTL

K. Ewald is assigned 50% of his time in working on the design

We will have to undergo a safety review of the setup but should be straight forward
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The hydraulic system has been defined

The components of the hydraulic sys has 
been identified

The air prep and control has been identified

The support structure is defined

The end groups are being designed

Control system must be defined

The motor for rotation must be identified

Estimated cost <35k$
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Gain experience with 1 cell setup

Create a 1-cell tight loop system at FNAL (if possible)

Test bed for solutions for the 9-cell 1.3 GHz setup

Test setup for R&D on the EP process in small scale

GOALS:
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2 companies (SPEC and Polyflow) have been identified as 
possible suppliers of EP setups and will be contacted 
again when the plans for the new facility are more clear 
and the design finalized

1 company (Russamer Labs) claims to be able to perform 
EP on several materials, including Nb, without the use HF. 
4 Nb samples have been sent to their lab to understand if 
their process is applicable to our needs
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Could be a Key processing 
step to reach High 
gradients when using EP

Environmentally friendly

Local company interested

Need funding

Fabrication: Cornell
Processing at KEK: Tumbling, light CP (10 um), annealing 

(750 C), EP (80 um), HPR, Bake (48 h, 120 C)
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Tsuyoshi is working on a web site containing specific 
info on EP and on a weekly e-letter on EP


